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(54) Abstract Title 

Magnetic recording media with anttforromagnetleallv coupled forromagnetic film 

(57) A magnellc recording medium for data storage uses a magnetic recording layer tiaving at least two 
ferromagnetic films antlferromagnetically coupled together across a nonferromagnetic spacer film. The 
magnetic moments of the two antiferromagnetlcally-coupled films are oriented antiparailel, and thus the net 
remanent magnetisation-thickness product (Mrt) of the recording layer Is the difference in the Mrt values of t^ie 
two ferromagnetic ffims. This reduction in Mrt Is accomplished without a reduction in the.thermal stability of 
the recording medium because the volumes of the grains in the antiferromagnetically-coupled films add 
constructively. In a magnetic recording rigid disk application, the magnetic layer comprises two ferromagnetic 
films, each a granular film of a sputter deposited coPtCrB alloy, separated by a Ru spacer film having a 
thickness to maximise the antlferromagnetic exchange coupling between the two CoPtCrB films. One of the 
ferromagnetic films is made thicker than the other, but the thicknesses are chosen so that the net moment in 
2ero applied magnetic field Is low, but nonzero. In general the first and second ferromagnetic films are made of 
a material selected from Co, Fe, Nl and their alloys. Apart from ruthenium the spacer film may be formed of Cr, 
Rh, Ir, Cu and their alloys. The medium may be In the form of a disk which has an underlayer on the substrate 
and a protective overcoat formed on the magnetk: recording layer. 
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MACmBTIC RBCOHMNO MEDIA WITH ANTIPBRRQMAONBTlCALLy COtTPLKD FERROMAGNETIC 

rXLM8 AS THE RECORDING ZJIYBR 

Field of the Invenfeion 

This invention relates generally to magnetic recording media, and 
more particularly to thermally stable high density media. 

Backaroi md of the Inventloa 

Conventional magnetic recording media, such as the magnetic recording 
disks in hard disJc drives, typically use a granular ferromagnetic layer, 
s^iuch as a sputter -deposited cobalt -platinum (CoPt) alloy, as the recording 
medium. Each magnetised domain in the magnetic layer is comprised of many 
small magnetic grains. Th(2 transitions between magnetised domains 
represent the "bits" of thti recorded data. IBM's US patents 4,789,598 and 
fj, 523, 173 describe this tyi>e of conventional rigid disk. 

As the storage density of magnetic recording disks has increased, the 
product of the remanent magnetisation Mr (the magnetic moment per unit 
volume of ferromagnetic material) and the magnetic layer thickness t has 
decreased. Similarly, the coercive field or coercivity (He) of the magnetic 
layer has increased. This has led to a decrease in the ratio Mrt/Hc. To 
achieve the reduction in Mrt, the thickness t of the magnetic layer can be 
reduced, but only to a limit because the layer will exhibit increasing 
magnetic decay, which has been attributed to thermal activation of small 
magnetic grains (the superparamagnetic effect) . The thermal stability of a 
magnetic grain is to a large extent determined by K„V, where is the 
magnetic an i sot ropy constant of the layer and V is the volume of the 
magnetic grain. As the layer thickness is decreased, V decreases. If the 
layer thickness is too thin, the stored magnetic information will no longer 
be stable at normal disk drive operating conditions. 

One approach to the solution of this problem is to move to a higher 
anisotropy material (higher ) . However, the increase in Ku is limited by 
the point where the coercivity , which is approximately equal to K^/Hr, 
becomes too great to be written by a conventional recording head. A 
similar approach is to reduce the Mr of the magnetic layer for a fixed 
layer thickness, but this is also limited by the coercivity that can he 
written. Another solution is to increase the intergranular exchange, so 
that the effective magnetic volume V of the magnetic grains is increased. 
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«isrnal-to-nois. ratrc (SMH) „e the m,gMtlc l.y.r. 

" ""■^'■i " "■■•^n.tic recording ^i, .upp„„ ^ry 

..,h a.™.r. r.cor.,i„, ...i. ,^ .«wut,"„<. J, 

DiBclQBirrft n f the Iiiveiii:i.em 

The invention is a ^gnetic recording ««dium wherein the magnetic 
recording ia.er is at least two ferromagnetic fii™s antifarrcagneticaUy 
coupled together across a non ferromagnetic spacer fil„. Because the " 
-gnet.c .o.ant« of the two antif erro.agnetically-coupled fil^s are 
orxented antiparaUel, the net remanent magnetisation -thic.nes. product 

Mrt, ot the recording layer is the difference in the Mrt values of .-.he two 
.e.ro.ag„etic fil^a. This reduction in Mrt ia accomplished without a 
redaction in the t:hem,al stability of the recording n^dium because the 
volumes Of the grains in the antif erromagnetically-coupied fil.s add 
constructively. The .ediucn also enables much sharper magnetic transitions 
to be achieved with reduce<l demagnetisation fields, resulting in a higher 
linear bit density for the medium, m one erobodiment the magnetic 
recording medium comprises two ferromagnetic filmo, each a granular film of 
a sputter deposited CoPtCrB alloy, separated by a Ru spacer film having a 
. hxckne«« to maximize the antif erromagnetic exchange coupling between the 
..wo CoPtCrB films. One of the ferromagnetic films is made thicker than the 
other, but the thicknesses are chosen so that the net moment in zero 
applied magnetic field is low, but nonzero. 

For a fuller understanding of the nature and advantages of the 
present Invention, reference should be made to the following detailed 
description taken together with the accompanying figures. 

Brief Daacriptio n of the Drawinqp 

Fig. 1 ia a schematic sectional view of the antiferromagnetically 
(AF) coupled magnetic recording layer in a recording medium according to 

the present invention; 

Fig. 2A is a schematic illustration of the AF-coupled layer 
illustrating the orientations of the moments of the ferromagnetic films at 
a recorded magnetic transition; 



ARC980102GB1 ^ 
present invention illustratinq the auh^t^^,-^ ^ , 

AP 1 . substrate, underlayer, the films in the 

AF-coupled layer, and the protective overcoat.- and 

, P-lg. 4 is a magnetic hysteresis loop for the structure with the 
AF-coupled layer of Pig. 3. 

Detailad De«r■.■^p♦■^on of th«. t^^,,«..«- 

The magnetic recording .nedium of the present invention has a 
recording layer formed of: two or more ferromagnetic films that are 
exchange-coupled antiferromagnetically (AF) to their neighbouring 
terromagnetic films by one or more nonferromagnetlc spacer films. This is 
showrv schematically in Pig. 1 for a recording layer 10 made up of two 
ferromagnetic film« 12. 14 separated by a nonferromagnetlc spacer film ye 
The nonferromagnetlc spacer film 16 thiCcness and composition are chosen so 
Chat the magnetic moments 22, 24 of adjacent films 12, 14, respectively 
are AF-coupled through the nonferromagnetlc spacer film 16 and are 
antiparallel in zero applied fields. 

The AP coupling of ferromagnetic films via a nonferromagnetlc 
transition metal spacer film has been extensively studied and described in 
the literature. In general, the exchange coupling oscillates from 
ferromagnetic to anti ferromagnetic with increasing spacer film thickness. 
This oscillatory coupling relationship for selected material combinations 
is described by Parkin et al. in "Oscillations in Exchange Coupling and 
Magnetoresistance in Metallic Superlattlce Structures: Co/Ru, Co/Cr and 
Pe/Cr", Phye. Rev. Lett., Vol. 64, p. 2034 (1990). The material 
combinations include ferromagnetic films made of Co, Fe, Ni, and their 
alloys, such aa Ni-Fe, Ni-Co, and Fe-Co, and nonferromagnetlc spacer films 
such as ruthenium (Ru) . chromium (Cr) , rhodium (Rh) , iridium (Ir) , copper 
(Cu), and their alloys. For each such material combination, the 
oscillatory exchange coupling relationship has to be determined, if not 
already known, so that the thickness of the nonferromagnetlc spacer film is 
selected to assure antif erromagnetlc coupling between the two ferromagnetic 
films. The period of oscillation depends on the nonferromagnetlc spacer 
material, but the strength and phase of the oscillatory coupling also 
depends on the ferromagnetic material and interfacial quality. The 
oscillatory antif erromagnetlc coupling of ferromagnetic films has been used 
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in spm-valve typo giant n.agnetore.ietance (GMR) recording heads to d««ig„ 
continuous a«g„etised antif erromagnaticaiiy coupled fil.s whose magneti. 
moments are rigidly coupled together antiparallel during operation of the 
head. These type of apin-valve structures are described, for exa„,ple, in 
IBM patents 5..08.377 and 5,465,185. The ..8S patent deacribes a structure 
used xn many commercially available spin-valve GMR heads, namely a 
laml.«ted antiparallel pinned ferromagnetic layer having ferromagnetic 
tilms whose moments are rigidly coupled together and remain stationary 
during operation of the head, 

The films 12, 14 have magnetic moment values of Mr, t, and Mr, t, 
respectively. (Because the remanent magnetisation Mr is expressed as' the 
magnetic moment per unit volume of ferromagnetic material, the product Mrt 
xs the magnetic moment per unit area for a magnetic layer of thickness t ) 
For this AF-coupled structure the orientations of the magnetic moments 22 
24 of adjacent films 12, 14, respectively, are aligned antiparallel' and 
thus add de.,tructively t:o reduce the magnetic moment of the composite layer 
10. The arrows 22, 24 represent the moment orientations of individual 
magnetic domains that are directly above and below one another across the 
AF coupling film 16. in the absence of an applied magnetic field, when Che 
ferromagnetic film 14 is deposited onto the medium substrate, it will have 
a granular structure with multiple adjacent grains being coupled together 
to form individual magnetic domains. In the absence of an applied .nagnetic 
field the moments of the.ae domains in film 14 will be Bssentially randomly 
oriented. The spacer film or AF-coupling film I6 is then deposited to the 
correct thickness directly on ferromagnetic film 14. Next „ the second 
ferromagnetic film 12 is deposited directly on the AP coupling film 16. As 
the grains of ferromagnetic film 12 grow they will form magnetic domains 
with moment orientations that are antiparallel to the moment orientations 
of ferromagnetic film 14 that are directly across the AF coupling film 16. 

The type of ferromagnetic material and the thickness values t,, t, of 
the ferromagnetic films 12, 14 are chosen so that the net moment in zero 
applied field will be low, but nonzero. For the case shown in Fig. 1, the 
Mrt for the structure ie given by Mr. t.-Mr, t,. In the preferred embodiment, 
Mr, t, should be > Mr, t,. This may be accomplished by using the same 
ferromagnetic materials in the two films 12, 14 and having t, be greater 
than t,, or the magnetisation (the magnetic moment per unit volume of 
material) of the two ferromagnetic films may be made different by using 
different ferromagnetic materials for the two films. While Pig. 1 is shown 
for a two-film structure with a single spacer film 16. the invention is 
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extendible to structures with multiple spacer tiln,. and multiple 
ferronvagnetic films, 

Th, p„.ent invention , „„^, .dv.„t„.e ov,, . 

low-nagnetlsation alloys. This avoirto ♦-k^ u, 

, ^ ^'''•^ •^he problems of thermal inatabilitv 

and d.fi-xcuity in writing discussed above, if the magnetic layer in Fig 
X is c„,„pa.ed to a single-layer consisting of only fn. ' 
the addition of the A.-coupled ferro^gnetic film 14 reduces the net 
"«9netlc moment of the composite structure without decreasing either the 
r-tjj.c)cness or the tnagnetisatian of film 12. 

The enhanced thenna.l stability of the composite structure compared eo 
a ^.ngle magnetic layer a.ises because the anisotropy of the grains in both 
f.lms ,2 and 14 are substantially uniaxial, and thus can add constructively 
even it the magnetic moments of films 12, u ^^e antiparallel The 
resulting stability parameter of the coupled system K„V is given by Ku.V. \ 
KUV \ (K«.V.>Ku,v.) , where Ku.V. and Ku,v, are the anisotropy energies of 
typical grains in films 12, 14, respectively. The upper limit for the 
composite stability parameter KuV a Ku.V.+Ku.V, will be achieved for the case 
when magnetic grains in film 12 and 14 are strongly coupled and share a 
common anisotropy axis direction. The magnetic volume V of the composite 
structure (layer 10) that determines the thermal stability will be 
approximately the sum of the volumes of the exchange-coupled grains in 
films 12 and 14, whereas the magnetic moment of layer 10 is the difference 
of the individual moments of films 12. 14. The antiferromagnetic coupling 
between the two ferromagnetic films provides a mechanism to increase the 
effective film thickness while reducing the net Mrt value of the composite 
structure. Thus the ferromagnetic films can contain very small diameter 
grains and maintain thermal stability. 

The AF- coupled medium according to the present invention is shown 
schematically in Fig. 2A with a recorded or written magnetic transition. 
The plus (+) and minus (-) symbols represent the magnetic poles arising 
from the transition. The calculated longitudinal field <HJ 10 nm above the 
surface of the AP-coupled medium is shown in Fig. 2B as a function of X 
direction or downtrack position from the transition. The moment and 
thickness values for the two films 12. 14 and the calculated Mrt for the 
AF-coupled layer are listed in Pig. 2B. For comparison. Fig 2B also shows 
model calculations of longitudinal magnetic field arising from transitions 
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a. and t , „er« chosen such that the pea. longitudinai fieid was the came 
for the AP -coupled medium compared to th*. n. ^- 

. mparea to the Sh medium. The total thickness 

Of the terromagnetxc material in the AP-co«pled medium is 2.7 tin«s 
thaocer. Therefore, the AF-coupled medium should be more thermally stable 
than the SL medium. The longitudinal field profile In the dowr^tracK 
dxrection decays faster for the AF-coupled medium, resulting in a «h.rr>.r 
transition. This indicates that the transitions can be spaced closer than 
the SL medium, resulting in a higher linear bit density for the .edium. 
Whxle not shown i„ Fig. 2B. calculations have also shown that the 
demagnetisation field from a transition within the AF-coupled medium also 
decreases taster than in the SI, medium. m addition, the magnitude and 
sign of the demagnetisation field depends on the y position (see Fig. 2ft, 
within the medium. Thus for certain Y positions within the medium, the 
demagnetisation field is reduced to ^ero. Small demagnetisation field, are 
■lesired because they can affect other transitions and cause the transition 
t;o demagnetise itself. 



The present invention has been demonstrated using conventional 
CoPtCrD longitudinal recording media alloys for the ferromagnetic films 
An example structure is shown in Pig. 3. The structure was fabricated 
using conventional sputter deposition equipment and processes. The films 
forming the structure were grown onto a Cr underlayer deposited onto a 
substrate of a AlMg disk blank with a nickel -phosphorous (MiP) surface 
coating, with the substrate temperature at approximately 200 aC. The 
ferromagnetic films are CoPtCrB, with the top film corresponding to filn> 12 
in Pig. 1 being thicker than the bottom ferromagnetic film correspoiidinq to 
film 1.4 in Fig. 1 (,.2 nm vs. 7 nm) . The nonferromagnetic spacer film is a 
0.6 nm.Ru film. As with single-layer media, it is advantageous to use a 
granular ferromagnetic material with isolated magnetic gra.tns to lower the 
media noise. The Ru film thickness was chosen to be at the first 
ant i ferromagnetic peak in the oscillatory coupling relationship. For this 
example, each CoPtcrB ferromagnetic film included an interface film 
consisting essentially of O.s nm of Co at the interface with the Ru film. 
These ultra -thin Co films increase the interfacial moment between the 
ferromagnetic films and the Ru film, resulting in enhanced 
antiferromagnetic coupling. However, antiferromagnetic exchange coupling 
has been demonstrated without incorporating the Co interface films in the 
CoPtCrB ferromagnetic films. 
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Pig. 4 shows the major hysteresis loop (solid line) and th. 
hysteresis loop (dashed 5<n«^ ® remanent 

Fi9 3 Referrino r ^"^^ «^ 

^^:^s.r:r:z:^::z ~ - - ^-med h. 

increase, reverse ne^rLriral™^^^ T "^'^ "^^^^"^ ^ 
1;.™^ -p- *.L. Pleasuring the remanent moment in the 

ayer a.ter the negative .iel. is applied. The .e.a„ent loop ia a pXo. 
the remanent nKnnent versus the ^gnitude of the reverse field, ror .h s 
sample the remanent loop shows Mrt-0 2i hh- 

_ «rt-0.21, the remanent coercive field H =3 5 

kOe. and S' =0.92 at room temperature where S' 1« , 

eu„ wnere S' is a measure of the slooe of 

he .e^nen. loop at „„. .or comparison, a similarly ,rown is-nm sin, I 
y r f he «3.e CoPtCrB alloy has properties of „rt.o;3S. H„=2 . . J and 
S =0.76 at room temperature. Thus, the AF-coupled medium allo.s a 

irisr ^ "^^^ ~ ^ ™ --tic layer 

Referring next to the .ajor hysteresis loop of Pig. 4, the pairs of 
horizontal arrows indicate the orientation o. the ferromagnetic fii.s in 
the AF-coupled layer at different points in the hysteresis loop. The 
applied field is increased in the positive direction (arrows 30, 32) Por 
large applied fields O3000 Oe, , the antif errcnagnetic coupling is overcome 
and the moments of the two ferromagnetic films are both parallel to the 
appUed field (arrows 42. 44). As the applied field is reduced (arrow 34) 
the moment of the thinner bottom ferromagnetic film reverses and becomes 
antxparallel to the moment of the thicker top ferromagnetic film 
(arrow, S2 . 54) and to the applied field with a drop in the net moment. 
Thi« switch occurs roughly at the exchange field felt by the bottom film 
(H„.=2000 oe) arising from the coupling across the Ru film. The value of 
".X, = .T../M, t, . Where a., is the antiferromagnetlc interface exchange energy 
density across the Ru spacer layer and and are the magnetisation and 
•:hickness of the bottom ferromagnetic film, respectively. For an 
antiparallel alignment of the ferromagnetic films to be realised requires 
U,at H,„ exceed the coercive field required to. reverse the bottom 
ferromagnetic film (H„) . H„ is the coercive field of the bottom film, 
assuming no exchange interaction with the top ferromagnetic film. Thus, 
the magnetic properties and thickness of the bottom film, as well as the 
AP-coupUng film, nmst be designed to maintain H„,>H„. 



The remanent state after saturation in a positive field is given by 
the moment of the top ferromagnetic film parallel to the field direction 
and the moment of the bottom ferromagnetic film antiparallel to the 
positive field direction (arrows 52, 54). m a reverse applied field 
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(arrow 36,. the magnetic .tat. ia stable until the .o^enr. the .-op 

aligned the negative saturation state (arrows «. . .^e .witchin, of 
.he „,o.enn of the top ferromagnetic fix. detennines the coercive field It 
the ...e layer and is given by h. = h.. . „here H.« is the exchange 

field act.ng on the top ferromagnetic (H...=a..MtJ ax.d H.. i« the 

coercive field of the top ferromagnetic fil.. assuming no interaction with 
the bottom ferromagnetic film. Thus, the properties of the top 
ferromagnetic film and the AF-coupling film „uat be designed to maintain H. 
Of. the. corr^osite structure below the expected write field of the head. For 
this e:<amp..e the pathway to go from one remanent state (arrows S2, 54) to 
the next remanent state (arrows 12, 74) goes through an intermediate state 
where the moments of the two films are parallel (arrows 62, 64) . Thus in 
contrast to AF-coupled sttiictures used in spin-valve GMR recording heads, 
the moments of the ferromagnetic films in the medium according to the 
present invention are not rigidly coupled together across the AF-coapling 
film because the coupling must be overcome to write on the medium. The 
hysteresis loop of Fig. 4 exhibits the desired feature of an AF-coupled 
layer, i.e., a low remanent magnetisation relative to the saturation 
magnetisation. 

Recording performance tests on the AF-coupled layer were performed 
using a conventional longitudinal recording head. Signal to noise ratio 
measurement.s determined * media .S.^ of 31.9 dB at 9500 flux changes per 
millimetre (Cc/mm>. where s„ is the isolated pulse amplitude and N Ik the 
integrated media noise at: 9500 fc/mm recording density. These results 
demonstrate the viability of AF-coupled magnetic layers for data storage. 

The AF-coupled media according to the present invention has also been 
demonstrated for structures with and without one or both Co interface 
films, with and without one or both CoCr interface layers, and with 
CoCrPtTa ferromagnetic films. 



ARC9801O2GB1 

9 

CLAIMS 

:i. A magnetic recording medium comprifiing: 
a substrate; 

a .agnatic recording layer on the substrate and comprising a fir.t 
ferromagnetic film, a nonferromagnetic spacer film- on the first 
ferromagnetic film, and a second ferromagnetic .il„ on the spacer £il.„, 
second ferromagnetic film being exchange coupled antiferromagnetically to 
the first ferromagnetic film across the spacer film. 

3. A medium as claimed in claim 1 further comprising a second 
nonferromagnetic spacer film on the second ferromagnetic film and a third 
ferromagnetic film on the second spacer film, the third ferromagnetic film 
being exchange coupled antiferromagnetlcally to the second ferromagnetic 
film across the second spacer film. 

3 . A medium as claimed in claim l wherein the first ferromagnetic 
film has a thickness tl and a magnetisation MI. the second ferromagnetic 
film has a thickness t.2 and a magnetisation M2. and wherein the magnetic 
moments per unit area (Ml x tl) and (M2 x t2) of the first and second 
ferromagnetic films, respectively, are different from one another. 

4 . A medium as claimed in claim 3 wherein the first and second 
ferromagnetic films are Eoirmed of the same material, and wherein tl is 
different from t2. 

5. A medium as claimed in claim 3 wherein the first and second 
ferromagnetic films are formed of different materials and wherein tl and t2 
are substantially the same thickness. 
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6. A medium as claimed in of claim 1 wherein the spacer film is 
formed o, a material selected from the group consisting of ruthenium (Ru) , 
Chromium (Cr) , rhodium (Rh) , iridium (Ir), copper (Cu) , and their alloys. 

7. A medium as claimed in claim i wherein the first and second 
ferromagnetic films are made of a material selected from the group 
consisting of Co, Fe, Ni. and their alloys. 

8. A medium as ci.aimed in claim 1 wherein the first ferromagnetic 
film includes an interface film consisting essentially of cobalt located at 
the interface of the first ferromagnetic film and the spacer film. 

9- A medium as claimed in claim 1 wherein the second ferromagnetic 
film includes an interface film consisting essentially of cobalt located at 
the interface of the second ferromagnetic film and the spacer film. 

10. A medium as claimed in claim i further ccxiiprising an underlayer 
located on the substrai:e between the substrate and the magnetic recording 
layer. 



11. A medium as claimed in claim l further comprising a protective 
overcoat formed over the magnetic recording layer. 

12. A raagnetip recording disk comprising: 
a substrate; 

an underlayer on the substrate; 

a magnetic recording layer on the underlayer and comprising a first 
cobalt alloy ferromagnetic film, a non ferromagnetic spacer film of a 
material selected from the group consisting of ruthenium (Ru) , chromium 
(Cr), rhodium (Rh) , iridium <lr) , copper (Cu) , and their alloys formed on 
and in contact with the first ferromagnetic film, and a second cobalt alloy 
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ferromagnetic eil. fonned on ana in contac. .... ..e spacer .u™. 

spacer £il. having a thieJcn.s^ auf ficient .o induce the second 
ferromagnetic fil„ to be exchange coupled antiferrcagnetically to the 
first ferromagnetic fil„, across the spacer film; and 

a protective overcoat formed on the magnetic recording layer. 

13. A medium aa claimed in claim 12 therein the first ferromagnetic 
film is a granular film having multiple magnetic domains, each domain 
comprising multiple grains, wherein the second ferromagnetic film i. a 
granular film having multiple magnetic domains, each domain comprising 
n«.ltiple grains, and wherein the moments of magnetic domains in the second 
ferromagnetic film are antif erromagaetically coupled antiparallel directly 
across said spacer film with the moments of associated magnetic domains In 
the first ferromagnetic film. 

14 . A medium as claimed in claim 12 further comprising a second 
nonferromagnetic spacer film formed on and in contact with the second 
ferromagnetic film and a third ferromagnetic film fonned on and in contact 
with the second spacer film, the thickness of the second spacer film being 
sufficient to induce the third ferromagnetic film to be exchange coupled 
antiferromaqnetically to the second ferron«gnetic film across the second 
spacer film . 



15. A medium as claimed in claim 12 wherein the first ferromagnetic 
film has a thickness tl and a magnetisation Ml, the second ferromagnetic 
film has a thickness t2 and a magnetisation m. and wherein the magnetic 
moment per unit area (Ml x. tl) and (M2 x t2) of the first and second 
ferromagnetic films, respectively, are different from one another. 
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16. 



A medium as claimed in claim 15 wherein the first and second 
ferromagnetic fil.s are fo.n„ed of the same material, and wherein tl is 
different from t2 , 



X7. A medium as claimed in claim 15 wherein the first and second 
ferromagnetic film« are formed of different materials and wherein tl and t2 
are substantially the same thickness. 

18. A medium as claimed in claim is wherein the first ferromagnetic 
film includes an interface film consisting essentially of cobalt located at 
the interface of the first ferromagnetic film and the spacer film. 

19. A medium as claimed in claim 15 wherein the second 
ferromagnetic film includes an interface film consisting essentially of 
cobalt located at the interface of the second ferromagnetic film and the 
spacer film. 
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